Helicteres L. is one of the genera of the Sterculiaceae family with several remarkable activities. Previous studies revealed that terpenoids, flavonoids, and lignans are the dominant constituents of Helicteres species. However, information about this genus is scarce and unsystematic. Most of the phytochemical and pharmacological investigations have been mainly reported on Helicteres angustifolia and Helicteres isora, which are commonly used in China and Indonesia, respectively. In the present study, two terpenoids: 3β-O-acetylbetulinic acid (1) and simiarenol (2) together with three phenolic compounds: 4,4'-sulfinylbis(2-(tert-butyl)-5-methylphenol) (3), 7-O-methylisoscutellarein (4), 7,4'-di-O-methylisoscutellarein (5), and a mixture of stigmasterol and β-sitosterol were isolated and structurally elucidated from the aerial parts of Helicteres hirsuta Lour. Compounds 1-5 were tested for cytotoxicity on four human cancer cell lines: leukemia CCRF-CEM, breast MDA-MB-231, colon HCT116 and glioblastoma U251 cancer cells. Among them, compounds 1 and 3 showed moderate activity on CCRF-CEM and HCT116 cancer cells with IC 50 values ranging from 14.6 to 31.5 µM (P < 0.05). This is the first time these compounds have been reported from this plant. To the best of our knowledge, compound 3 is novel in nature although it has been chemically synthesized before, and compounds 1, 2, and 4 are new to this plant family (Sterculiaceae).
The genus Helicteres L. (Sterculiaceae) mainly composes of plants distributed in the tropical parts of Asia and America. It is supposed to have around sixty species [1] . Seven species, including two subspecies, are endemic in Vietnam. Plants of this genus have been used in folk medicine of many countries from America to Southeast Asia, such as Brazil, China, Vietnam, and Indonesia, for treatment of cancer, inflammation, gastric ulcer, and diabetes [2a, 2b, 2c, 2d, 2e] . Helicteres species described as traditional medicinal plants in Vietnam are used in folk medicine as anti-inflammatory agents, vermifuges and tonic agents [2a, 2b] . Previous studies have shown that triterpenoids, flavonoids, and lignans are the major components of Helicteres species. Cucurbitacin derivatives isolated from Helicteres angustifolia possessed cytotoxicity on several cancer cell lines [2c, 2f] . As shown in the literature, studies on this genus are scarce, in particular on Helicteres hirsuta, which has been traditionally used by Vietnamese people to treat cancer. So far, only one publication dealing with the isolation of six cytotoxic lignans from the stems has investigated the cytotoxicity against several cancer cell lines such as LNCaP (hormone-dependent human prostate cancer), Lu1 (human lung cancer), MCF-7 (human breast cancer) and HUVEC (human umbilical vein endothelial cells) [3] . In our investigations for exploring new agents from Vietnamese medicinal plants with anti-inflammatory and anti-cancer activities, the n-hexane and dichloromethane (CH 2 Cl 2 ) extracts from the aerial parts of Helicteres hirsuta, subsequently extracted or partitioned by solvents of increasing polarities in method 1 or method 2 (see "Extraction and isolation" part) showed cytotoxicity on leukemia CCRF-CEM cells. This cell line was used as a monitor for a first screening and treated with 50 µg/ml of each extract. XTT viability assay of different extracts from the aerial parts of Helicteres hirsuta on leukemia cells (CCRF-CEM) at the concentration of 50 µg/ml; incubation time = 72 h. Results are presented as mean ± sem, n = 6. H1, D1, Et1, M: The extracts obtained by directly refluxing with n-hexane, dichloromethane, ethyl acetate, and MeOH, respectively. H2, D2, Et2, B: The extracts were obtained by refluxing with EtOH 70% and then partitioned with n-hexane, dichloromethane, ethyl acetate and MeOH, respectively.
All n-hexane and dichloromethane extracts possessed high inhibitory activity, regardless of the extraction method used ( Figure  1 ). Subsequently, the weakly active MeOH extract consisting of a complex mixture of phytochemical constituents was subjected to liquid-liquid extraction with solvents of increasing polarity and the obtained subextracts were tested on leukemia CCRF-CEM cells. Again, the CH 2 Cl 2 fraction showed the highest inhibitory activity (data not shown). The n-hexane and CH 2 Cl 2 extracts and subextracts were chosen for the isolation of the active constituents. Bioactivity-guided fractionation of the active extracts and subextracts by means of silica gel column chromatography and semi-preparative HPLC led to the isolation and structure elucidation of two triterpenoids: 3β-O-acetylbetulinic acid (1), and simiarenol (2) together with the three phenolic derivatives: 4,4'-sulfinyl-bis-(2-(tert-butyl)-5-methylphenol) (3), 7-O-methylisoscutellarein (4) and 7,4'-di-O-methylisoscutellarein (5). Of these isolates, compound 3 is a new natural product, and 1, 2 and 4 were found for the first time in the Sterculiaceae family (Figure 2) . A mixture of stigmasterol and β-sitosterol was also isolated and identified from the n-hexane extract. The compounds were identified by spectroscopic methods, including LC-MS, HR-ESIMS, GC-MS, and NMR (1D and 2D) experiments and by comparison with literature data. To the best of our knowledge, these compounds are being reported herein from H. hirsuta for the first time. groups in ring A and B. The positions of the substituents were determined by HMBC correlations (Figure 2 and Supplementary data). Taken together ESI-MS and NMR as well as literature data [4] of the 13 C-NMR spectral assignment of the A-ring of polyoxygenated flavones, allows confirmation of the structure of compound 4 as 7-O-methylisoscutellarein. According to available literature reports, this compound was isolated from Artemisia campestris in 1984 [5] but in this paper only 1 H-NMR data were reported. Therefore, the isolation of compound 4 is reported herein for the first time in the Sterculiaceae.
NMR data of compound 5 recorded in pyridine-d 5 indicated a similar structure as compound 4 but with one more methoxyl group at C-4' in the molecule. Therefore, this compound was elucidated as 7,4'-di-O-methylisoscutellarein. Its structure was confirmed by comparison of NMR shifts with literature data [9] . Flavone derivatives with a hydroxyl group at position 8 being uncommon in other plant families are characteristic of Malvaceae family [6] which is closely related to Sterculiaceae family. Some classification systems also considered the Sterculiaceae as a subfamily of Malvaceae family. The relation of both families is highly supported by the occurrence of compounds 4 and 5 in the investigated plant species.
Structures of the known compounds (1, 2) were unambiguously identified as 3β-O-acetylbetulinic acid (1) and simiarenol (2) by comparison of the NMR data ( 1 H-NMR and 13 C-NMR) with the established literature [7, 8] .
Cytotoxic compounds from Helicteres hirsuta
Natural Product Communications Vol. 14 (1) 2019 9
All compounds were tested for cytotoxic activity on several human cancer cell lines: leukemia (CCRF-CEM), breast (MDA-MB-231), colon (HCT116) and glioblastoma (U251) cancer cells. None of these compounds showed significant activity on MDA-MB-231 or U251 cells (IC 50 > 50 µM). Compound 1 demonstrated cytotoxicity on CCRF-CEM and HCT116 cells with IC 50 values of 15.0 ± 0.4 µM and 30.9 ± 1.4 µM, respectively. Similarly, compound 3 also exhibited moderate toxicity on these cancer cells with IC 50 values of 23.1 ± 0.7 µM for CCRF-CEM cells and 19.5 ± 0.3 µM for HCT116 cells. Although this compound was found to be chemically synthesized in the laboratory before, its cytotoxicity is being reported herein for the first time. The other compounds 2, 4, 5 were found to be inactive at all tested cancer cell lines (IC 50 value > 50 µM) ( Table 1 ). 
Experimental
General: Aluminum sheets (20×10 cm), coated with silica gel 60 F 254 from Merck (Darmstadt, Germany) were used for TLC, and the compounds were detected under a CAMAG ® (Switzerland) UV chamber at 254 and 366 nm prior to derivatization, and daylight after spraying with vanillin-sulfuric and heating at 100°C for 15 minutes. Silica gel (40-63 µm) of PROLABO ® (Germany) was used for column chromatography.
HPLC analyses were carried out on Agilent 1100 and 1260 systems equipped with an autosampler, and a photodiode array detector. Molecular weight and formula as well as the UV spectra of new compounds were determined by LC-DAD-HRMS (Dionex Ultimate 3000 UPLC; Q Exactive TM Hybrid Quadrupole Orbitrap-MS, Thermo Fisher). For confirming molecular weight of known compounds, a LC-DAD-MS system consisting of a Dionex Ultimate 3000 UHPLC and a LTQ-XL ion trap MS (Thermo Fisher) was used. Molecular weights of the compounds which were insoluble in common LC-MS solvents were determined by gas chromatography-mass spectrometry (GC-MS) (Agilent 7890A GC system coupled with an Agilent 5975C MSD; Agilent Technologies, Santa Clara, CA, U.S.A.). NMR experiments were performed, using a Varian Unitylnova 700 MHz spectrometer. 1D 1 H-and 13 C-NMR as well as 2D HSQC, HMBC, COSY and/or NOESY (if necessary) spectra were measured. All measurements were recorded at 298 K using TMS as an internal standard. 
Extraction and isolation
Extraction method 1: 1 kg of fine powdered aerial parts of Helicteres hirsuta was successively extracted by reflux supported with a stirrer with the solvents of increasing polarities: n-hexane, CH 2 Cl 2 , EtOAc, MeOH (2 l/ 24 h x 2 for every solvent) at boiling point of each solvent to obtain after evaporation four extracts H1 (5.8 g), D1 (6.2 g), E1 (4.2 g), and M (30.5 g) respectively. The MeOH extract (15 g) was dissolved in water and partitioned with nhexane, CH 2 Cl 2 , EtOAc, and n-BuOH due to the complexity of the constituents. This led to another four extracts H_M (0.7 g), D_M (1.9 g), E_M (2.6 g), and B_M (2.4 g), respectively.
Extraction method 2: 3 kg of fine powdered plant material was extracted under reflux with aqueous ethanol 70% at boiling point (15 l/ 24 h) and evaporated to dryness to yield after evaporation 300 g of dry ethanol extract. The ethanol extract was dissolved in 3 liters of distilled water and partitioned with the same solvents of increasing polarities as the MeOH extract to obtain extract H2 (32.9 g), D2 (3. D_M extract (1.8 g) was also subjected to silica gel column chromatography (100 g, 35 x 2.5 cm), eluting with mixtures of CHCl 3 -MeOH, containing increasing percentage of MeOH from 0% to 100% (100:0, 90:10, 80:20…20:80, 10:90, 0:100) to get 7 subfractions (D_M.1 to D_M.7). Two subfractions D_M.1 (30.2 mg) and D_M.2 (84.2 mg), which yielded crystals, were washed and recrystallized several times with MeOH to give compounds 5 (2.5 mg) and 4 (3.2 mg), respectively. The supernatant of D_M.2 after recrystallization was dried (30 mg) and purified by the same semi-preparative HPLC system as used for R.D21.3, but using a RP-C18 column (LiChrosopher_100, 250 x 10 mm, 10 µm, 3 ml/min). As mobile phase a mixture of 0.1% HCOOH/H 2 O and acetonitrile with a linear gradient: 0 -20 min: 35% -50% acetonitrile, 20 -21 min: 50% -100% acetonitrile, 21 -29 min: 100% acetonitrile, 29 -30 min: 100% -35% acetonitrile, 30 -35 min: 35% acetonitrile was used, affording further 2 mg of compound 4 (R t = 14 min).
Finally, H2 extract (20 g) was also subjected to silica gel column chromatography (200 g, 45 x 5 cm), using the same solvents and the conditions for elution of H1 extract to afford 17 subfractions (EH.1-EH.17). Subfraction EH.2 (2.4 g) was repeatedly purified by silica
